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SUMMARY
INTRODUCTION

For some years the Naval Air Dezvelopment Center has used sustained
load tests with notched C-rings or notched tensile bars to evsluate
hydrogen embrittlement damage to high strength steels. These specinmens
are seasitive and give reproducibie results but are expensive to machine
aad require long testing times.

Several instrumental methods have been developed in the past several
vzars. Two invoive the use of orobes, the third utilizes metal strips.
A comparative study of three ~f these has been completed znd results
correlated with those obtained from notehed C-rings. A noiched dolz
with a miniature calibrated proving ring was also included in the inves-
tigation. Yaint strippers w2te used as the w-brittline media largely
because MIL-R-8129%4:i (reference (z}) now contains an embrittle=zent test
using notched C-rings.

This work was performed under ¥ork Unit F5i 541201 GD as part of the

continuing effort toc find betrer means of measuying hydrogen embrittlexzent
resulting from pickling, electroplating and rclated prozessing.

SUPARY OF RESULTS

RPesults of the three instrumental methods and the two notched
specimens showed excelient correlatZon. Gne of *he paintr strippers
used is very embrittling, the second somewhat less so and the third is
not embrittling. All the methods were as effective in assessing the
degree of embrittlement of each paint stripper as was the notched C-
ring.

CONCLUSIONS

The three instrumental xethods varied in cosplexity of use. The
method utiiizing strips was the simplest to use, The notched bolt
with the calibrated proving ring, however, is the sizplest test to
conduct and the bolts and ringsare readily svsilable, tut at the present
time there is only one source of supply.

. RECOMMENDATIONS

It is 1ecommended thst consideration bte given to preparation of
a2 Federal Test Method Standard for Hydrogen Embrittlement Testing which
would include the notched C-ring and the other methods covered in this
report.
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EXPERIMEERTAL PROCEDTURE

Three paint etripping solutions were used for this evaluation.
The strippers were classified very esbrittling, —oderately ezdrit-
tling, and non-esbrittling on the basis of resul:s cbtained with
notched C-rings.

The test method used for nctched C-rings consisted of cadaium
plating the outsid= surface of the rings in & cyanide bath without
brighteners 750 asf, 2 =in), baking fer 24 hours at 375°F, stressin
to 7572 of the bresking strangth, and chen dipping the closed helf o
the ring into the paint etripper. Irersion tine was =zpproximately
1 =inute, Stripper vas ailowed to rexin on the ring surface with no
ringing after dipping, Time to failure was measured with electric

tirars attachad to =dcroseitches 38 shown in Tigure i,

2
£

Drilube Kectch Bolts were prepared and treated ip the sam2 manner
as *he C-rings, sxcept that pre-plate clesning included grit blasting
with 120 grit alu=iru=m oxide and baking time after pligting waz I hour
in the oven furnished with the equipment, Time to failure was datermined
by visual examingtion at iantervals, or in so=e cases, by an aulible

“snap"” when the bolts brove.

Drilube Dolts are supplied with a miniature proving ring cali-
brated to aoply a 75% XIS stress to a bolt passing through its
digmeter., The rving is compressed in & hydraulic lsoading device with
the bolt in place. When the ring has baen cozpressed & predeternined
distance {furnished Dy the =msnufscturer), s smeli coliar is swaged
onto the bolt and the load on tha hydraulirc lack is relessed, lesving
the boit in tension. Each bolt comes with ifs own calibrated ring.
Bolts are made of 4350 steel, hea.tt treated to the 260 - 280 XSI
strength level, The notch s 60 with a 0.005" radius.

The HEP Tester consists of timing devices attached to banks cZ
bent strip holders., Tive ateel stripes are used for each test, and
the time for three strips to hresk is recorded as the “madign" failurs
tioe, Strips are ¥ X 73" Y 022" thick, with double tabs starped
tarough the center to act as notches., The 3tress applied is prede-
ter=ined by the distance between the restrainicg ends on tha tester.
The ende of the strips are simply squeezed by hand until they can be
popped into the tester. The design of the HEP Tester does not pearmir
the testing of licuids or slurries with the specimens under stresas,
it was therefore necessary to alter the procedure used for testing
C-rings.

HEP strips were plated with unbrightened cyanide caduiun for 2
minutes at S50 asf, baked 24 hours at 375'F, immersed in srripper for
6 hours, washed in rumning water followed by acelone, and imrediately
placed under stiess in the timing device.

360 gnalal %70 b (LW
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The Lawrence Hydrogen Derection Gauge makes use of a steel walled
tube, similar to a 6V6 tube, as a hydrogen prcbe. The quantity of
hydrogen passing through the wall of the tube during plating or
processing is measured electronically and displayed on a hydrogen
index scale. The maximum value measured after the tube is placed in
the built-in oven is called the heat peak, H_ , and the time for the
hydrogen index to decrease to one half the heat peak value is called
lambda,A . The heat peak is related to the amount of hydrogen intro-
duced into the tube and la=mbda is & measure of the irternal clean-up
and outward diffusion of hydrogen.

Tubes with the entire e.d section grit blasted immediately prior
to use were used for the measurement of embrittlement by paint
strippers. A blast cleaning unit especially designed for grit
blasting Lawrence tubes, 120 grit dry alu=ionum oxide, and a total
blasting tize of 30 = 2 sec. were used for the tube cleaning. [frior
to blasting, the tubes had bteen baked out on a special bake-out rack
to rezove residueal hyvdrogen. The cleaned tubes were immediately plated
with unbrightened cyanide cadmium at 50 a=mps/sg. ft. for 2 minutes and .
again baked to remove hydrogen. The plated section of the tube was £
i=zmersed in stripper for € hours, taken out, washed in water and -
acetone, connected to the rrobe sccket of the Gauge, and the heat :
reak ané la=bda value measured.

Ly

A —uch more detailed description of the procedure is given in
reference (bl

BV At

The Driiube Hydrogen Gauge esploys standard 6Y6 tubes with steel
walis. Blast cleaning is sizilar to that used for the Lawrence Gauge,
but is considered less critical and is not timed. Following grit
blasting, each tube is calibrated in a soluticn containing S0 gms/
liter VaC¥N and 50 gms/liter NsOH. Tubes were reblasted fellowing
calibration, plated in an unbrightened cyanide cadmium bath, baked
to rezove hydrogen, and immersed in stripper for § tours. The
stripper was cleaned off with water and acetone, and the heat peak
and la=bda values measured from the recorded curve of hydrogen
ingdex versus time,

The embrittling characteristics of paint strippers often change
with age as demonstrated in reference (k). Care was tsken to run
the various tests simultaneously to avoid differences caused by
chemical changes in the stripper.

RESULTS )
Results of the various tests are given in Table 1.
Cadmiux plated and baked, notched C-rings are required to sustain

a lnad equal to 75% of their breaking strength for 200 hours after
immersion Iin paint stripper, according to taference (a). Stripper A
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caused failure of four specimens in times ranging from 1.3 to 1.9
hours. A fifth specimen broke in 34.4 hours. Eight specimens were
tested in Stripper B with failuve times ranging from 3.0 to 34.9

hours for seven specimens and one specimen not failing in 200 hours.
Four notched C-rings tested in Stiipper C, a nor-emodrittling stripper,
did not fail in 500 hours.

All other types of specimens were cadmium plated gnd baked prior
to immersion in paint stripper for comparison with C-rines.

HEP Strips, heat treated to a Rackwell C hardress of 51, broke
in a median time of 13.1 hours after immersion in Strirper A4, 35 .
hours after immersion in Stripper B, and did not fail after 50C hours
in Stripper C. {Yedian time is taken as the time the third strip in
a series cof five treaks).

Standard HEP strips, which are heat treated tc a lower streneth
laval raan those described above, were not sensitive enough to show
embrittlement in the paint stripzers tested. Twc specimeris broke
within the 200 hour testing time, bu: the third “median® strip,
on which failure tizme is based, did not fail.

Four Drilube Notch Bolts broke in tinmes ranging from 1.3 to
2.4 hours in Stripper A. Six bolts, tested in Stripper B, broke
in times between 7 and 1G0 hours. Exact times were not obtaineg
for this group beczuse they broke during.e long weekend shutdown
and no timing device is used with the boits. The four bolts tested
in St. pper C did not fail in 5(C nhours.

Heat peak (if) values abtove 1 are generally considered beyond
the "safe" hydrogen level for high strength s.zels. Lambda (X))
values are less important for paint strippers because they are an
indication of the permeability of the plated cecating rather than a
megsure of the amount of hydrogen introduced. Stripper A gave HF
vaiues of 212 and 207, Stripper 5, 4.2 and 6.8, and Stripper C, 0.23
and 0.22, in good agreement with notched C-ring results.

The Drilute HI' values should bte lower than 1 on the 7 scale in
order to be considered safe. “uch higher values were obtained for
stripper A, slightly higher for Stripper B. Stripper C was not
reported because the masking undercut badly during the tests. How-
ever, the values obtained, even with the oversized area exposed, were
considerably below the hydrogen limit for safetv.
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DISCUSSTION

Any of the methods tried appears to be satisfactory for the
resting of paint siripvers, althoush each one has some undesirable

features.

The Lawrence Hydrogen Detection Gauge shown in Pigure 2 gives
reproducible results that are very useful for determining the extent
of embrittlement induced by paint strippers or electroplating processes.
1ts principal disadvantage appears to be the extraordinary care that
must be taken in each step of probe preparation and measurement in
order to obtain reproducible results. This disadvantage still ailows
the Gauge to be a useful laboratory tr. 1, but limits its usefulness
as a prcduction or shop type measuring device. A more comprehensive
investigation of this instrument was reported in reference (b).

The Drilube Hydrogen Evaluation Gauge, Figure 3 , a device
similar to the Lawren.e Gauge, appears to be somewhat simpler in
probe preparation and measurement than the Lawrence Gduge. How-
ever, at this time, the measurement of embrittlement by paint strippers
is still in the experimental stage and definite procedures nave nout
been worked out. Its most useful function appears to te the deter-
mination of embrittlement from plating processes, and especially, the
prediction of the efficacy of baking for relieving embrittlement.

The HEF Tester shown in Figure 4, is a potentiallyv excellent
mathod for determining embrittlement. 1Its chief fault. at present,
is that the standard strips are not sensitive enough to fgil under
slightly embrittling conditions. This fault is being corrected by
the manufacturer and the new, Rc 51 hardness strips appear to be
much more sensitive. The principle advantages to this method are
that it is extremely simple, very low in cost, and adaptable to

shop use.

The Drilube Notched Bolt shown in Figure 5 1s considered to
be ready for use as it stands. Bolts may be obtained from the
manufacturer in any desired quantity at a relatively low cost, and
the loading equipment is simple and irexpensive. The only fault this
methed has is that at present there is no timing device to measure
failure times,and failures must be determined by visual examinetion
at convenient intervals., It should not be difficult, however, to
modify the equipment to include timers.
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